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1. EXECUTIVE SUMMARY 
 
In the current submission, NDA 203496, United Therapeutics Corp. is seeking approval for an 
oral extended release (ER) formulation of treprostinil, a tricyclic analog of prostacyclin (PGI2). 
Treprostinil has shown clinical effectiveness when administered as continuous infusion via 
intravenous and subcutaneous route (Remodulin®; NDA 21272) and also as intermittent 
nebulization via the inhaled route (Tyvaso®; NDA 22387).  
 
For the current submission, 3 controlled clinical trials have been performed to demonstrate the 
effectiveness and safety of treprostinil in patients with pulmonary arterial hypertension (PAH). 
In study TDE-PH-302, the effectiveness of treprostinil as a front-line therapy was evaluated. 
Studies TDE-PH-301 and TDE-PH-308 focused on the use of treprostinil as an add-on therapy to 
other approved oral therapies [oral phosphodiesterase inhibitors (PDE5-I), and/or endothelin 
receptor antagonists (ERA)].  
 
The clinical pharmacology package for the current submission primarily comprises of a mass 
balance study, a single and multiple dose pharmacokinetic study, an absolute bioavailability 
study comparing exposures from oral ER tablet vs Remodulin®, a relative bioavailability study 
comparing the oral ER product vs an oral solution, a study each evaluating the pharmacokinetics 
of treprostinil in renal and hepatic impaired subjects, two food effect studies, and five drug-
interaction studies. In addition, since the active moiety of the oral ER tablet is identical to that of 
the prior approved drug products, Remodulin® and Tyvaso®, data from these products were also 
used as appropriate in support of the clinical pharmacology package. 
 
1.1 Recommendations 
 
The Office of Clinical Pharmacology (OCP) recommends approval of treprostinil as extended 
release tablets for the treatment of PAH in the monotherapy and adjunctive setting, provided an 
agreement on labeling is reached with the sponsor. Further, a thrice-daily dosing regimen should 
be considered for approval. These recommendations are based on the following information: 
 

• Effectiveness of treprostinil has already been established in the prior approved products, 
Remodulin® and Tyvaso®. No significant change is observed in the metabolic profile of oral 
treprostinil compared to the prior approved products. 

 
• Similar steady state exposures (plasma treprostinil concentration) are observed upon comparison 

of the oral ER product and the prior approved intravenous product (Remodulin®). 
 
• A consistent dose-response relationship is observed in the monotherapy and adjunctive settings.   
 
• Based on the pharmacokinetic properties of the current oral ER product, a thrice-daily dosing 

regimen will provide less peak-to-trough fluctuation in treprostinil systemic exposures.    
 
1.2 Phase 4 Commitments 
  
No specific post-marketing commitments or requirements are proposed by the OCP at this point 
of time. 
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1.3. Major Clinical Pharmacology Findings 
 
The important clinical pharmacology and biopharmaceutics findings were,  
 

• The absolute bioavailability of treprostinil oral ER tablet is 17%. This dosage form exhibits 
extended release characteristics compared to treprostinil administered as an oral solution. 

 
• The dose-normalized steady-state peak and trough concentrations following the administration of 

treprostinil oral ER tablet spans the average steady-state exposures obtained following the 
administration of an intravenous infusion. However, the oral ER tablet exhibits a high peak to 
trough ratio (ranges from 7 to 10 across studies). 

  
• The inter-subject variability of treprostinil for the pharmacokinetic metrics, Cmax and AUC, is in 

the range of 40-65%, expressed as percent coefficient of variation (CV%), across various Phase 1 
studies. However, the intra-subject variability (25-30%), does not contribute to more than 50% of 
the overall variability.  

   
• A high calorie, high fat meal delayed the absorption of treprostinil when compared to the fasted 

state. The systemic exposure to treprostinil, as seen by area under the plasma concentration-time 
curve (AUC), was increased by 1.5-fold with no significant change in the maximum 
concentration (Cmax). Furthermore, the between subject variability in AUC decreased from 50% 
to 20%, expressed as CV%. No discernible change in the exposures was noted when compared 
among meals of varying fat and caloric content. 
 

• The systemic exposure to treprostinil is increased in subjects with hepatic impairment. Increases 
of 2-, 5- and 8-fold were observed in subjects with mild, moderate and severe hepatic 
impairment respectively compared to otherwise healthy controls. No significant change in 
exposure to treprostinil was observed in patients with renal impairment. 

 
• Treprostinil is a metabolized predominantly by CYP2C8. Gemfibrozil, a strong inhibitor of 

CYP2C8 increases the systemic exposure to treprostinil by 2-fold.  
 

• In Study TDE-PH-302 (front-line therapy trial), a trend for dose-dependent increase in percent 
change from baseline peak 6-minute walk distance (corresponding to the peak treprostinil 
exposures) at week 12 was observed as a function of the last stabilized dose (body weight 
normalized) in patients who completed the study. This relationship was consistent for the 6-
minute walk distance data at week 11, which corresponds to the trough exposures of treprostinil. 
 

• Similar dose-dependent relationship for the percent change from baseline in peak 6-minute walk 
distance at week 16 as a function of the last stabilized dose (body weight normalized) was 
observed for studies TDE-PH-301 and TDE-PH-308 (add-on therapy trials) in completers. 
 

• The relationship is consistent with a trend for dose-dependent increase in percent change from 
baseline in 6-minute walk distance as a function of cumulative treprostinil dose across all the 
patients randomized in the study (Study TDE-PH-302, ITT population). 
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2.2.2. What is the basis for selecting the response endpoints or biomarkers and how are they 
measured in clinical pharmacology and clinical studies? 

 
The efficacy measures included in the clinical development program are widely used and 
accepted as clinically meaningful indices for patients with PAH. In studies TDE-PH-301, -302 
and -308, the primary efficacy endpoint was change in 6-minute walk distance from baseline to 
the end of the study i.e., week 12 for study TDE-PH-302 and week 16 for study TDE-PH-301 
and -308. Secondary efficacy assessments included changes in 6-minute walk distance at weeks 
4, 8, 11 (trough), WHO functional class, Borg dyspnea score, dyspnea-fatigue index, signs and 
symptoms of PAH and clinical worsening. 
 
2.2.3. What are the key results from the pivotal efficacy trial(s)? 
 
In study TDE-PH-302, where efficacy of treprostinil was evaluated as a monotherapy, the 
primary endpoint i.e., change in 6-minute walk distance between treatment and placebo groups at 
week 12 for the entire study population was significant, with a median placebo-corrected 
treatment effect of +25.5 meters, as reported by the sponsor. The treatment effects at week 4 and 
8 were +14 and +20 meters, respectively, and were statistically significant. Additionally, the 
placebo-corrected treatment effect on 6-minute walk distance at week 11, which was assessed at 
a time expected to correlate with trough treprostinil concentrations, was also statistically 
significant with a treatment effect of +17 meters, as reported by the sponsor (Table 3). 
 
In the other two add-on therapy trials, a scenario how treprostinil will be most used if approved, 
the treatment effect was not statistically significant at week 16 when evaluated as independent 
trials (Table 3). However, the sponsor reported a statistically significant treatment effect upon 
pooling both studies (Table 3).    
 
Table 3: Display of Hodges-Lehmann estimates of treatment effect for the ITT population across 
studies TDE-PH-302, -301 and -308 

 
Median 6MWD (meters)  

Study Period 
Active Placebo 

Hodges-Lehmann 
estimate of treatment 

effect (95% CIs) 
p-value 

Week 11 
(trough) 351 327 17 (3, 33) 0.0025 Study 302 

Week 12 370 330 25.5 (10, 41) 0.0001 
Study 301 Week 16 381 367 11 (0, 22) 0.072 
Study 308 Week 16 370 365 10 (-2, 22) 0.089 

Pooled 
Studies  

301 & 308 
Week 16 375 366 10 (3, 19) 0.00397 

 Source: Sponsor submitted study reports of TDE-PH-301, -302 and -308 
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2.2.4. Are the active moieties in the plasma appropriately identified and measured to assess 
pharmacokinetic parameters and exposure response relationships?  

 
Treprostinil is the only active moiety and its pharmacokinetics is characterized across various 
Phase 1 studies. Pharmacokinetics of treprostinil was not measured during the Phase 3 trials. 
However, the PK of treprostinil were assessed in a small subset of patients (N=74) during the 
open-label safety extension study.  For details on bioanalytical method validation, refer to Q 
2.8.1. 

 
 2.3. Exposure-Response Relationship 
 

2.3.1. How do the exposures compare against the previously approved products? 
 

The average steady state exposures of the oral ER tablet and the currently approved intravenous 
product of treprostinil are reasonably similar. Fig. 2 shows the dose-normalized mean steady 
state treprostinil plasma concentrations as box plots for (i) oral ER tablet (Cmax,ss and Cmin,ss) and 
(ii) intravenous infusion (Cavg,ss). Dose-normalization was performed corresponding to the mean 
dose achieved in the respective pivotal trials (3.4 mg for the oral ER formulation and 9.3 
ng/kg/min, for Remodulin®). It can be seen that the average steady state maximum and minimum 
concentration from the oral ER product spans the average steady state concentration of 
treprostinil from the previously approved intravenous product, indicative of matching systemic 
exposures between the two products. It should be noted that the exposures from Tyvaso® 
(another prior approved product of treprostinil administered via the inhalation route) cannot be 
used as reference, since, treprostinil is delivered locally and the PK/PD relationship could be 
different. 
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As shown in Fig. 3, in Study TDE-PH-302, a trend for dose-dependent increase in the percent 
change from baseline in peak 6-minute walk distance (corresponding to the peak treprostinil 
exposures) at week 12 was observed as a function of the last stabilized dose (body weight 
normalized), upon anchoring to the placebo response. A significant non-zero slope for this 
relationship was obtained upon assuming a linear trend. The slope for this relationship denotes 
1.23% change from baseline in peak 6-minute walk distance per 0.01 mg/kg dose.  
 
A similar relationship (1.35% change from baseline in trough 6-minute walk distance per 0.01 
mg/kg dose) was also observed between last stabilized dose (body weight normalized) and 
percent change in baseline in trough 6-minute walk distance at week 11 as shown in the Fig. 4. 
Regardless of the analysis of dose-response corresponding to peak (week 12) or trough (week 
11) treprostinil concentration, a significant relationship exists which is suggestive of that fact that 
the effect or the ability to exercise is preserved during the inter-dosing interval.    
 
 
 
 
 
 

 
 
  
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3:  Relationship between last stabilized dose (body weight normalized) and 
corresponding percent change from baseline in peak 6-minute walk distance at week 12 from 
Study TDE-PH-302 in completers [N = 246; active=160 (40 per bin), placebo=86]. A positive 
slope for the relationship was observed [Mean and 95% CIs: 1.23 (0.418 – 2.04) as percent 
change from baseline-per-0.01 mg/kg of treprostinil].  
 
Note: For exposure-response, the gray open circles represent the individual patient data. The blue 
closed circles and error bars represent the corresponding mean and 95% CIs of percent change 
from baseline in 6-minute walk distance for each median dose quartile. The solid line represents 
the linear fit modeled through the entire dataset with 95% CIs represented by dotted lines. Y-axis 
is truncated to provide an optimum view for the readers to understand this relationship.  
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Figure 4:  Relationship between last stabilized dose (body weight normalized) and 
corresponding percent change from baseline in trough 6-minute walk distance at week 11 from 
Study TDE-PH-302 in completers [N = 243; active=159 (~40 per bin), placebo=84]. A positive 
slope for the relationship was observed [Mean and 95% CIs: 1.35 (0.548 – 2.15) as percent 
change from baseline-per-0.01 mg/kg of treprostinil]. 
 
Assuming a linear relationship, similar dose-dependent trend for the relationship between peak 
6-minute walk distance at week 16 as a function of the last stabilized dose (body weight 
normalized) was also observed for studies TDE-PH-301 and TDE-PH-308 in completers where 
treprostinil was evaluated in the background of other oral PAH therapies. A non-zero slope for 
the relationship is shown in Fig. 5 as mean and 95% CIs.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5: Relationship between last stabilized dose (body weight normalized) and corresponding 
percent change from baseline in peak 6-minute walk distance at week 16 from studies TDE-PH-
301 [N=246; active=118, placebo=128] and TDE-PH-308 [N=249; active=120, placebo=129] in 
patients who completed the study. Data is represented as slope [mean and 95% CIs]. 

Slope 
(% Change from baseline 6MWD per mg/kg dose) 
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One of the drawbacks of evaluating the relationship between last stabilized dose (body weight 
normalized) and corresponding percent change from baseline in 6-minute walk distance is that it 
ignores the time-course of dose titration. It is possible for patients to have the same last stabilized 
dose but differing in the duration at that dose. In order to further evaluate the exposure-response 
relationship, percent change from baseline in 6-minute walk distance as a function of cumulative 
treprostinil dose was constructed in all randomized patients i.e., the intent-to-treat (ITT) 
population as a sensitivity analysis. The last observed 6-minute walk distance data was used in 
patients who dropped out during the trial with their cumulative doses truncated until the day of 
the last observed response data. Baseline 6-minute walk distance data was carried forward for 
patients who dropped prior to week 4. As shown in Fig. 6, upon anchoring to placebo response, 
the relationship was consistent with a significant non-zero slope (2.5% change from baseline in 
6-minute walk distance per 100 mg cumulative treprostinil dose). Moreover, as expected, it can 
be observed that the non-completers with lower cumulative exposures have correspondingly 
lower percent change from baseline 6-minute walk distance. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 6: Relationship between cumulative treprostinil dose and corresponding percent change 
from baseline from Study TDE-PH-302 in all randomized patients (ITT population) [N = 349; 
active=233 (~40 per bin), placebo=116]. A positive slope for the relationship was observed 
[Mean and 95% CIs: 2.50 (1.50 – 3.50) as percent change from baseline-per-100 mg of 
cumulative treprostinil dose]. The green open circles represent individual patient data from 
completers and the orange open squares represent the individual patient data from non-
completers.  
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2.3.3. What are the characteristics of the dose-response relationships for safety? 
 
 Since treprostinil is titrated to tolerability, no specific exposure-response analyses for safety were 

conducted. 
 

2.3.4. Is the dose and dosing regimen selected by the sponsor consistent with the known 
relationship between dose-concentration-response, and are there any unresolved dosing or 
administration issues?  

 
Following twice-daily dosing of the oral ER tablet, treprostinil displays a huge peak-to-trough 
ratio (ranges between 7 to 10) based on mean concentration-time courses from various Phase 1 
studies. Although the average steady state Cmax and Cmin from the oral ER tablet spans the 
average steady-state exposures seen from administering treprostinil via the intravenous route 
(Fig. 2), the fluctuation around the mean is large. As treprostinil has significant tolerability 
issues, as seen by high drop out rates in the Phase 3 trial, a more frequent dosing regimen 
delivering the same total daily dose e.g., TID dosing, will result in lower maximum 
concentration (31% reduction in Cmax,ss compared to twice-daily dosing) and lesser fluctuation 
(peak-to-trough ratio = 2.4) (Fig. 7), thereby potentially allowing patients to better tolerate and 
successfully titrate up, assuming the tolerability issues are associated with a higher Cmax. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7: Comparison of mean steady state treprostinil concentration-time profile administered 
as 3.5 mg BID and 2.25 mg TID. Steady state concentration-time courses following oral 
administration of treprostinil were simulated using non-parametric superposition of the mean 
data obtained subsequent to administration of 1 mg treprostinil from a healthy Phase 1 study.  
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2.3.5. Does this drug prolong the QT or QTc interval?  
 
Treprostinil has been shown to prolong QT. Based on the TQT study conducted with the inhaled 
formulation (Tyvaso®), a mean effect of 8.5 ms and an upper bound of the 90% CI of 11.3 ms for 
the supra-therapeutic dose was reported. The systemic exposure achieved with the supra-
therapeutic dose of Tyvaso®, 1.8 ng/mL, is lower than the therapeutic exposures achieved after 
maximal therapeutic doses of the oral ER tablet. It should be noted that Tyvaso® systemic 
exposure does not reflect local concentration in the heart, which is expected to be higher. 
Nevertheless, a potential to cause QT prolongation exists when treprostinil is administered 
orally. An appropriate precautionary statement in the product insert for Brandname is suggested 
in the QT-IRT review by Dr. Fiszman (DARRTS date: 06/11/2012). 
 
 
2.4. Pharmacokinetics 
 
2.4.1. What are the pharmacokinetic characteristics of treprostinil diolamine?  
 
Absorption: The absolute bioavailability of treprostinil following oral administration of 
treprostinil ER tablet is 17.6%. The relative bioavailability of treprostinil following oral ER 
tablet relative to the oral solution is approximately 70%. When administered with food, the time 
to reach maximum plasma concentration of treprostinil following oral administration of the ER 
tablet is 4-6 h. Absorption of treprostinil is affected by food (refer Q 2.7.3). Pharmacokinetics of 
treprostinil in PAH patients is linear with a dose-proportional increase for AUC0-t and less than 
dose-proportional increase for Cmax in the dose range of 0.5-15 mg. Upon repeat dosing, the 
pharmacokinetic parameters are not significantly affected, thus suggesting minimal 
accumulation.   
 
Distribution: Treprostinil is highly bound to plasma proteins with approximately 96% of the drug 
being bound, as seen from in vitro protein binding studies. The diolamine component is 
minimally bound to plasma proteins (<10%). The protein binding is not concentration dependent 
for both the components i.e., treprostinil and diolamine, in the range of 0.01-10 µg/mL.  
 
Metabolism: Treprostinil undergoes significant first-pass metabolism in the liver. Metabolism is 
primarily mediated by the cytochrome P450 enzymes, largely by CYP2C8. CYP2C9 also plays a 
role in the metabolism of treprostinil, but the relative contribution is small. Other CYP450 
enzymes tested such as CYP1A2, CYP2A6, CYP2C19, CYP2D6, CYP2E1, CYP3A4 and 
CYP3A11 do not affect the metabolism of treprostinil. Six major metabolites were identified 
from mass balance studies formed via processes such as oxidation, oxidative cleavage, 
dehydration and glucuronidation. The metabolites of treprostinil are not active. 
 
Elimination: Treprostinil and its metabolites are primarily eliminated by the kidneys. The half-
life of treprostinil following oral administration of ER tablet could not be reliably estimated due 
to a high degree of variability in the absorption of treprostinil. However, the effective half-life of 
treprostinil from studies using Remodulin® administered intravenously or using an oral solution 
of treprostinil is about 2 h.  
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2.4.2. What is the mass balance of treprostinil diolamine following oral administration? 
 
Mass balance was studied following oral administration of radioactive treprostinil diolamine 
solution in eight healthy male volunteers [Study TDE-PH-107]. To differentiate between the two 
components, treprostinil administered at a dose of 0.5 mg was labeled as [14C] and diolamine at a 
corresponding dose of 0.14 mg was labeled as [3H]. Recovery of radioactivity administered as 
[14C] treprostinil-derived was near to complete, with 95.2% of the administered dose accounted 
in urine and feces over a collection period of 288 h (12 d) (Table 4). However, only 64.3% of the 
radioactivity administered as [3H] diolamine-derived was accounted over a 576 h (24 d) 
collection period, indicating that the recovery of diolamine was incomplete. The predominant 
route of excretion for both [14C] treprostinil- and [3H] diolamine-derived radioactivity following 
oral administration was via urine which accounted for 78.2% and 62.1% of the total dose 
administered, respectively, through the last collection interval. Feces accounted for 18.6% and 
2.25% of the total dose administered as [14C] treprostinil- and [3H] diolamine-derived 
radioactivity, respectively, through the last collection interval. Unchanged parent drug i.e., [14C] 
treprostinil accounted for only 1.32% of the total administered dose, with 1.13% detected in 
feces and 0.19% in urine (Table 4). 
 
Following oral administration of treprostinil diolamine, the active moiety [14C] treprostinil was 
extensively metabolized with metabolism occurring on the side chain of the molecule via 
oxidation, oxidative cleavage, dehydration and glucuronidation (Fig. 8). Six metabolites were 
identified in urine, feces and plasma which accounted for 78% of the total administered 
radioactivity (Table 4). There was no significant change in the metabolic profile of treprostinil 
following oral route, except for one new metabolite, M388, which accounted for only 0.5% of 
the total administered dose.  
 
Table 4: Treprostinil and metabolites in urine and feces following oral administration. Results 
are expressed as percent of total radioactivity administered. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 * New metabolite by oral route compared to intravenous administration  
 
 
 
 
 

% of administered dose Compound 
Urine Feces Total 

Treprostinil (parent) 0.19 1.13 1.32 
M392  12.9 4.42 17.3 
M334 23.6 0.99 24.6 
M348 20.2 3.50 23.7 
M374 8.14 1.21 9.35 
M388* 0.39 0.11 0.50 
M566 2.40 0.14 2.54 

Other unknowns combined 10.6 5.30 15.9 
Total 78.4 16.8 95.2 
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2.4.4. How does the PK of treprostinil in healthy volunteers compare to that in patients?  
 
Due to high variability in the concentration-time courses of treprostinil in both healthy 
volunteers and PAH patients, it was not possible to fit an appropriate pharmacokinetic model to 
describe the observed data across patients individually. Hence, pharmacokinetic parameters such 
as clearance (CL/F) and volume (V/F) could not be reliably estimated to make this comparison. 
However, there is no physiological basis or hypothesis that the pharmacokinetics should be 
different between healthy volunteers and PAH patients.  
 
2.4.5. What is the inter- and intra-subject variability of PK parameters in volunteers and 

patients, and what are the major causes of variability? 
  
The inter-subject variability of treprostinil for the PK metrics, Cmax and AUC, is in the range of 
40-65%, expressed as percent coefficient of variation, across various Phase 1 studies. This is 
reflected by the highly variable concentration-time courses for treprostinil across different 
subjects (Fig. 10). A high degree of variability is observed in the absorption of treprostinil 
resulting in multiple peaks. This phenomenon may be due to erratic release patterns of the drug 
from the extended release dosage form or varying gastrointestinal transit times between patients. 
Due to this reason, it is difficult to model the observed data to describe the pharmacokinetics of 
treprostinil.  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 10:  Concentration-time courses of treprostinil as seen across healthy volunteers 
following single oral dose of 1 mg treprostinil diolamine ER tablet [Source: treprostinil 
diolamine ER tablet arm from Study TDE-PH-116] 

Time (h) 
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However, as treprostinil will be titrated to tolerability, an assessment of intra-subject variability 
is important. An estimate of the intra-subject variability can be obtained from Study TDE-PH-
104, where 1 mg treprostinil diolamine was administered to healthy volunteers as a single dose 
followed by twice-daily repeat dose for 13 days. Since, there is no significant accumulation as 
shown by similar Cmax and AUC values in Table 4, pharmacokinetic parameters can be compared 
between day 1 and day 13. As shown in Fig. 11, there is reasonable product consistency as seen 
by the shape of the pharmacokinetic profiles within the same subjects on day 1 and day 13. 
Based on this small study (n=8), the root mean square error (RMSE; which provides a fair 
estimate of the intra-subject variability) is 31% and 25% for Cmax and AUC, respectively. A 
comparison within the same study shows that the intra-subject variability contributes to 
approximately 50% of the overall variability.  
 
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 11: Concentration-time courses of treprostinil as seen within healthy volunteers 
following single oral dose of 1 mg treprostinil diolamine ER tablet on day 1 (top panel) and day 
13 (bottom panel) [Source: treprostinil diolamine ER tablet arm from Study TDE-PH-104] 
 
 
 
 

Day 1 

Day 13 
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2.5. Intrinsic Factors 
 
2.5.1. What intrinsic factors (age, gender, race, weight, disease, genetic polymorphism, 

pregnancy, and organ dysfunction) impact the systemic exposure to treprostinil? Do any 
of these factors warrant a dosing recommendation?  

  
  No specific pharmacokinetic studies were performed to study the impact of age, gender and 

weight on the systemic exposure to treprostinil. Most of the Phase 1 studies did not show any 
major differences in the pharmacokinetics of treprostinil which enrolled both male and female 
healthy volunteers with a body mass index of 19 to 40 kg/m2. Moreover, multivariate analysis 
with the data obtained from Phase 3 trials, did not show any significant differences in efficacy 
based on age, gender, or weight.  
 
In order to understand the impact of organ impairment on the systemic exposure to treprostinil, 
pharmacokinetic studies were performed in both renal and hepatic impaired subjects in 
comparison to healthy controls.  
 
Renal impairment: Pharmacokinetics of treprostinil was studied in end stage renal disease 
(ESRD) patients in comparison to matched healthy controls to evaluate the impact of renal 
impairment. A total of 16 subjects were enrolled, with 8 subjects each in the ESRD and healthy 
volunteer group. Further, ESRD subjects were allocated to two sequences, one where treprostinil 
was administered immediately post-dialysis and the other where treprostinil was administered 4 
h prior to dialysis procedure. Comparison of pharmacokinetic metrics between ESRD subjects 
dosed immediately following dialysis vs healthy controls in Table 6, did not show a significant 
impact of renal impairment on the systemic exposure to treprostinil. There was no change in Cmax 
and a 23% decrease in AUCinf, which is not clinically relevant given treprostinil is titrated to 
tolerability/target response. These results are consistent with the mass balance study results 
which showed <1.0% of the total administered dose excreted unchanged in the urine. Moreover, 
comparison of ESRD patients who were dosed 4 h prior to dialysis vs healthy controls also 
showed similar results, suggesting no major impact of hemodialysis in the clearance of 
treprostinil. Therefore, no dose-adjustments are warranted in renal impaired patients.  
 
Table 6: Impact of renal impairment on the pharmacokinetics of treprostinil  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

0.610.77AUC0-inf

0.721.07Cmax

ESRD (dosing pre-dialysis) 
vs Healthy

ESRD (dosing post-dialysis) 
vs Healthy

Geometric mean ratio

0.610.77AUC0-inf

0.721.07Cmax

ESRD (dosing pre-dialysis) 
vs Healthy

ESRD (dosing post-dialysis) 
vs Healthy

Geometric mean ratio
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2C19 or 3A4 was observed upon exposure of human hepatocytes to 1,000 to 5,000 ng/mL 
treprostinil diolamine. Apart from metabolic drug interactions, there is a potential for proton 
pump inhibitors to cause an increase in the solubility of a weakly acidic drug such as treprostinil 
which could result in higher systemic exposures. 
 
Table 8: List of compounds tested for potential drug interaction with treprostinil following 
administration of 1 mg treprostinil diolamine ER tablet 
 

Co-administered drug Interaction type 

Gemfibrozil CYP2C8 inhibitor 

Fluconazole CYP2C9 inhibitor 

Rifampin CYP2C8 and CYP2C9 inducer 

Sildenafil CYP2C9 inhibitor (weak) 

Bosentan CYP2C9 inducer 

Esomeprazole Potential improvement in the 
solubility of treprostinil 

 
 
As shown in the Fig. 12, gemfibrozil, a specific inhibitor of CYP2C8, increased the systemic 
exposure to treprostinil by 2-fold, which confirms CYP2C8 to be the major enzyme in the 
metabolic pathway. There was no significant change in the systemic exposure to fluconazole 
(Cmax ↔, AUCinf 15%↓), a specific CYP2C9 inhibitor, suggesting that metabolism via CYP2C9 
is very minor. Moreover, when rifampin, an inducer of both CYP2C8 and 2C9 was co-
administered with treprostinil, there was a 17% and 22% decrease in Cmax and AUCinf, 
respectively. However, this decrease might not be of clinical significance since treprostinil is 
titrated to tolerability or target response.  
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2.8. Bioanalytical method validation 
 
2.8.1. How are the active moieties identified and measured in the plasma? Are the bioanalytical 

methods that are used to assess concentrations validated? 
 
Plasma concentrations of treprostinil were quantified by a validated ultra performance liquid 
chromatography/mass spectrometry/mass spectrometry (UPLC/MS/MS) method operated in 
negative TurboIonSpray® mode. Standard curves were constructed in the range of 10 pg/mL 
(lower limit of quantification, LLOQ) to 5000 pg/mL. The accuracy and precision values of the 
quality control samples from all supporting bio-analytical reports were equal to or better than 
15% (20% at the LLOQ). All the supporting bio-analytical methods satisfy the criteria for 
‘method validation’ and ‘application to routine analysis’ set by the ‘Guidance for Industry: 
Bioanalytical Method Development’, and is therefore acceptable. 
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administration was also via urine. A mean of 62.1% of the dose was excreted in urine and 2.25% 
was excreted in feces. 

• Following administration of UT-15C, the active moiety, [14C] treprostinil was extensively 
metabolized with metabolism occurring on the side chain of the molecule. Processes involved 
oxidation, oxidative cleavage, dehydration, and glucuronic acid conjugation. Six metabolites of 
treprostinil were identified, with quantities ranging from 0.5 to 24.6% of dose.  

• There was no significant change in the metabolic profile of treprostinil following oral route, except 
for one new metabolite, M388, which accounted for only 0.5% of the total administered dose. 
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• No dose-adjustment is required to account for the 20% decrease in exposure when co-administered 
with rifampin, a CYP2C8 and 2C9 inducer, since treprostinil will be titrated to tolerability. 
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OFFICE OF CLINICAL PHARMACOLOGY 
PHARMACOMETRIC REVIEW 

1 SUMMARY OF FINDINGS 

1.1 Key Review Questions 
The purpose of this review is to address the following key question. 

1.1.1 Is there an exposure-response relationship for efficacy? 
Based on the reviewer’s analysis, an exposure-response relationship for exercise capacity i.e., 6-
minute walk distance (6MWD) was observed. The phase 3 trials of treprostinil incorporated a 
titration to tolerability design. The relationship between the last dose normalized to body weight 
and the corresponding percent change from baseline in 6MWD was explored.  In study TDE-PH-
302, a trend for dose-dependent increase in the percent change from baseline in 6MWD 
(corresponding to peak treprostinil exposures) at week 12 was observed as a function of the last 
dose normalized to body weight as shown in Figure 1. The relationship is constructed using data 
from patients who completed the study and is not confounded with imputation methodologies 
used to account for drop-outs in the trial. A similar relationship was also observed between last 
dose normalized to body weight and percent change in baseline in 6MWD at week 11 
(corresponding to trough treprostinil exposures) as shown in Figure 2. 

Figure 1. Relationship between last dose normalized to body weight and corresponding percent 
change from baseline in 6MWD at week 12 corresponding to peak treprostinil plasma concentrations 
from study TDE-PH-302 in completers. [N = 246; active=160, placebo=86]. A positive slope for the 
relationship was observed [Mean and 95% CI: 123 (41.8 – 204) as percent change from baseline-per-
mg/kg of treprostinil]. 
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Figure 2.  Relationship between last dose normalized to body weight and corresponding percent 
change from baseline in 6MWD at week 11 corresponding to trough treprostinil plasma 
concentration from study TDE-PH-302 in completers. [N = 243; active=159, placebo=84]. A positive 
slope for the relationship was observed [Mean and 95% CI: 135 (54.8 – 215) as percent change from 
baseline-per-mg/kg of treprostinil]. 
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Note: Individual patient data is represented by the gray open circles. The blue closed circles and error bars represent 
the corresponding mean and 95% CIs of percent change from baseline in 6MWD for each median dose quartile. The 
solid line represents the linear fit modeled through the entire dataset with 95% CIs represented by dotted lines. Y-
axis is truncated to provide an optimum view to aid understand this relationship. 
 
Assuming a linear relationship, similar dose-dependent trend for the relationship between 
6MWD at week 16 corresponding to peak treprostinil exposures as a function of the last dose 
normalized to body weight was also observed for studies TDE-PH-301 (Figure 3) and TDE-PH-
308 (Figure 4) in completers where treprostinil was evaluated in the background of other oral 
PAH therapies. A non-zero slope for the relationship is shown in as mean and 95% CI.  
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Figure 3.  Relationship between last dose normalized to body weight and corresponding percent 
change from baseline in 6MWD at week 16 corresponding to peak treprostinil plasma 
concentrations from study TDE-PH-301 in completers. [N = 246; active=118, placebo=128]. A 
positive slope for the relationship was observed [Mean and 95% CI: 98.5 (32.7 – 164) as percent 
change from baseline-per-mg/kg of treprostinil]. 

-40

-20

0

20

40

0.00 0.04 0.08 0.12 0.16 0.20

Last dose, mg/kg

%
 M

ea
n 

ch
an

ge
 fr

om
 B

SL
 in

 6
M

W
D

 (9
5%

 C
Is

), 
m

(W
ee

k 
16

; p
ea

k)

 
Figure 4. Relationship between last dose normalized to body weight and corresponding percent 
change from baseline in 6MWD at week 16 corresponding to peak treprostinil plasma 
concentrations from study TDE-PH-308 in completers. [N = 249; active=120, placebo=129]. A 
positive slope for the relationship was observed [Mean and 95% CI: 141 (58.0 – 224) as percent 
change from baseline-per-mg/kg of treprostinil]. 
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2 REVIEWER’S ANALYSIS 

2.1 Background 
 

Trials: In the current submission, three controlled clinical trials have been performed to 
demonstrate the effectiveness and safety of treprostinil in patients with pulmonary arterial 
hypertension (PAH) following twice-daily administration of oral extended release tablets of 
treprostinil diolamine (Table 1). In study TDE-PH-302, the effectiveness of treprostinil as a 
front-line therapy was evaluated. Studies TDE-PH-301 and -308 evaluated the use of treprostinil 
as an add-on therapy to other approved oral therapies.  
Dosing scheme: All the trials incorporated a titration to tolerability design. Studies TDE-PH-302 
and -301 had a starting dose of 1 mg BID during initial enrollment, but was later reduced to 0.5 
mg BID and subsequently to 0.25 mg BID due to tolerability concerns. However, the trial TDE-
PH-308 was originally initiated at a starting dose of 0.25 mg BID. In all trials, the titration 
increment was 0.25 mg BID every 3-4 days as tolerated. If 0.25 mg dose increments were not 
tolerated, an increment of 0.125 mg was employed. 
Exposure: Samples for evaluating the pharmacokinetics of treprostinil were not collected in 
Phase 3 trials. Hence, a concentration-response analysis was not feasible for this submission. 
But, dose-response relationship was explored with the ‘dose’ metric being analyzed as (a) last 
stabilized dose normalized to body weight (last dose/kg) and (b) cumulative dose.  
Response: The efficacy measures included in the clinical development program are widely used 
and accepted as clinically meaningful indices for patients with PAH. In studies TDE-PH-301, -
302 and -308, the primary efficacy endpoint was change in 6MWD (6MWD) from baseline to 
the end of the study i.e., week 12 for study TDE-PH-302 and week 16 for study TDE-PH-301 
and -308. 
 

Table 1.  List and design features of clinical studies supporting this application 

Study No. Description N Dose Duration 

TDE-PH-302 

Randomized, multi-center,  
placebo-controlled study in subjects 
with PAH NOT receiving approved 

background therapy 

349 

0.25-1 mg BID 
starting dose with 
dose increasing 

over time 

12 Weeks 

TDE-PH-301 

Randomized, multi-center,  
placebo-controlled study in subjects 
with PAH on approved background 

Therapy 

354 

0.25-1 mg BID 
starting dose with 
dose increasing 

over time 

16 Weeks 

TDE-PH-308 

Randomized, multi-center,  
placebo-controlled study in subjects 
with PAH on approved background 

Therapy 

310 

0.25 mg BID 
starting dose with 
dose increasing 

over time 

16 Weeks 
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2.2 Objective 
 

The objective was to explore the (a) last stabilized dose vs percent change from baseline 6MWD, 
and (b) cumulative dose vs percent change from baseline 6MWD relationship in support of the 
efficacy of treprostinil across the three clinical trials.  

2.3 Methodology 
 

A. Last dose/kg vs percent change from baseline 6MWD: 
The relationship between last stabilized dose normalized to body weight and the corresponding 
percent change from baseline in 6MWD was explored using a univariate linear regression model. 
As the trials employed a titration to tolerability design, the last stabilized dose was deemed a 
relevant metric for this exploration. To bring the independent variable on a continuous scale, the 
last dose was further normalized to the body weight of the patient. For the response metric, 
percent change from baseline in 6MWD at the end of the study was considered more robust than 
the absolute change from baseline, since, the former takes into account baseline 6MWD. The 
relationship was constructed using the data from patients who completed the study, since a 
completer analysis is not confounded with imputation methodologies used to account for missing 
data in the trial. Completers of the study with corresponding peak 6MWD at week 12 represent 
about 70% and 75% of the total randomized patients in the treatment and placebo arms, 
respectively. However, it is important to note that the analysis presented cannot rule out time 
dependent effects and an interaction between tolerability and the ability to exercise. 
 

B. Cumulative dose vs percent change from baseline 6MWD: 
One of the drawbacks of evaluating the relationship between last stabilized dose normalized to 
body weight and corresponding percent change from baseline in 6MWD is that it ignores the 
time-course of dose titration. It is possible for patients to have the same last stabilized dose but 
differing in the duration at that dose. In order to further evaluate the exposure-response 
relationship, percent change from baseline in 6MWD as a function of cumulative treprostinil 
dose was constructed in all randomized patients i.e., the intent-to-treat (ITT) population as a 
sensitivity analysis. The relationship was investigated using a univariate linear regression model. 
The last observed 6MWD data was used in patients who dropped out during the trial with their 
cumulative doses truncated until the day of the last observed response data. For patients who 
dropped prior to week 4, baseline 6MWD data was carried forward with a cumulative dose set to 
‘zero’. 

2.3.1 Data 

A. Last dose/kg vs percent change from baseline 6MWD: 
 

TDE-PH-302: ‘WALKTEST.xpt’ and ‘MPL.xpt’ were merged to get the master analysis data set 
(Table 2). This file was further reduced to a smaller analysis data set which contained the 
6MWD data at week 11 (corresponding to trough treprostinil plasma concentration) and at week 
12 (corresponding to peak treprostinil plasma concentrations) in patients who completed the trial. 
This dataset contained a total of 246 patients; active=160 and placebo=86 for peak 6MWD data 
at week 12 and a total of 243 patients; active=159 and placebo=84 for trough 6MWD data at 
week 11. 
TDE-PH-301: ‘WALKTEST.xpt’ and ‘MPL.xpt’ were merged to get the master analysis data set 
(Table 2). This file was further reduced to a smaller analysis data set which contained the 
6MWD data at week 16 (corresponding to peak treprostinil plasma concentration) in patients 
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who completed the trial. This dataset contained a total of 246 patients; active=118 and 
placebo=128. 
 

TDE-PH-308: ‘PEAKWT.xpt’ and ‘MPL.xpt’ were merged to get the master analysis data set 
(Table 2). This file was further reduced to a smaller analysis data set which contained the 
6MWD data at week 16 (corresponding to peak treprostinil plasma concentration) in patients 
who completed the trial. This dataset contained a total of 249 patients; active=120 and 
placebo=129. 

B. Cumulative dose vs percent change from baseline 6MWD: 
  

TDE-PH-302: ‘DOSING.xpt’ was used to calculate the cumulative dose exposed by a patient 
during the time of stay in the trial (Table 2). The calculated cumulative dose was then merged 
along with ‘WALKTEST.xpt’ and ‘MPL.xpt’ to get the master analysis data set. This file was 
further reduced to a smaller analysis data set which contained the 6MWD data at week 12 
(irrespective of peak/trough treprostinil plasma concentration) with corresponding cumulative 
dose until the end of the study and the last observed 6MWD data in patients who dropped out 
during the trial with their cumulative doses truncated until the day of the last observed response 
data. For patients who dropped prior to week 4, baseline 6MWD data was carried forward with a 
cumulative dose set to ‘zero’. This dataset contained a total of 349 patients, active=233 and 
placebo=116. 
 

Table 2.  Data sets used for exposure-response analysis 
Study Number Name Link to EDR 

DOSING.xpt \\Cdsesub1\evsprod\NDA203496\0000\m5\datasets\tde-ph-
302\analysis\legacy\datasets\dosing.xpt 

MPL.xpt \\Cdsesub1\evsprod\NDA203496\0000\m5\datasets\tde-ph-
302\analysis\legacy\datasets\mpl.xpt TDE-PH-302 

WALKTEST.xpt \\Cdsesub1\evsprod\NDA203496\0000\m5\datasets\tde-ph-
302\analysis\legacy\datasets\walktest.xpt 

MPL.xpt \\Cdsesub1\evsprod\NDA203496\0000\m5\datasets\tde-ph-
301\analysis\legacy\datasets\mpl.xpt TDE-PH-301 

WALKTEST.xpt \\Cdsesub1\evsprod\NDA203496\0000\m5\datasets\tde-ph-
301\analysis\legacy\datasets\walktest.xpt 

MPL.xpt \\Cdsesub1\evsprod\NDA203496\0000\m5\datasets\tde-ph-
308\analysis\legacy\datasets\mpl.xpt TDE-PH-308 

PEAKWT.xpt \\Cdsesub1\evsprod\NDA203496\0000\m5\datasets\tde-ph-
308\analysis\legacy\datasets\peakwt.xpt 
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2.3.2 Software 
 

Data sorting: JMP 
Linear regression: Graphpad Prism 
Graphical plots: Excel  
 

2.4 Results 
 

Results of the univariate linear regression analysis showed that there was a trend for dose-
dependent increase in the percent change from baseline in 6MWD corresponding to the peak and 
trough treprostinil exposures at week 12 and 11, respectively, in TDE-PH-302 and at week 16 in 
TDE-PH-301 and -308, corresponding to peak treprostinil exposures, all as a function of last 
dose normalized to body weight. The relationships were derived upon anchoring the placebo 
response. A significant non-zero slope for the relationships was obtained assuming a linear trend 
as shown in Table 3. Assuming a linear relationship seemed reasonable based on the residual 
plots as shown in Figure 6. The slope for the relationship denoted percent change from baseline 
in 6MWD per 1 mg/kg dose. Based on the results, it can be concluded that: 
 

• A significant relationship exists regardless of the analysis corresponding to peak (week 12) or 
trough (week 11) treprostinil concentration in TDE-PH-302, which is suggestive of the fact that 
the effect or the ability to exercise is preserved during the entire inter-dosing interval. 

 
• A significant relationship exists in TDE-PH-301 and -308, where treprostinil was evaluated as an 

add-on in the background of other oral PAH therapies. Moreover, when treprostinil exposure was 
evaluated as ‘cumulative doses’ (accounting for titrations and data imputations for drop-outs 
during the trial) against the percent change from baseline 6MWD in all randomized patients in 
TDE-PH-302 (ITT population), there was a significant non-zero slope for the relationship upon 
anchoring to placebo response suggestive of a trend for dose-dependent increase in percent 
change from baseline 6MWD as a function of cumulative treprostinil dose (Figure 5). For this 
relationship, the slope represented 2.5% change from baseline in 6MWD per 100 mg cumulative 
treprostinil dose. In addition, it was observed that the non-completers with lower cumulative 
exposures had correspondingly lower percent change from baseline 6MWD. 
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Figure 6. Plot of residuals from linear regression (A) TDE-PH-302, week 12 peak, (B) TDE-PH-302, 
week 11 trough, (C) TDE-PH-301, week 16 peak, (D) TDE-PH-308, week 16 peak, and (E) TDE-PH-
302, ITT. 
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2.5 Conclusion 
A trend for dose-dependent increase in percent change from baseline 6MWD as a function of last 
dose normalized to body weight and as cumulative dose is observed. The relationship is 
significant during the entire dosing interval in a monotherapy setting, while at least at time 
corresponding to peak treprostinil systemic exposure in an adjunct setting. 
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Trade Name:   (proposed) Date 

Assigned: 09/02/2011 

Established Name:  Treprostinil 
diethanolamine 

Date of 
Review:  08/28/2012 

Indication:  Pulmonary Arterial 
Hypertension 

Formulation/strengths Sustained Release Tablets, 
0.125, 0.25, 1 and 2.5 
mg 

Route of 
Administration Oral 

Type of Submission:   
505(b)(1) NDA 

 
SYNOPSIS: 
This is an e-CTD 505(b)(1) NDA for a sustained release tablets (osmotic pump system) 
containing treprostinil diethanolamine (UT-15C), a chemically stable tricyclic analog of 
prostacyclin (PGI2) for the treatment of Pulmonary Arterial Hypertension (PAH). 
Treprostinil diethanolamine is a salt, the base of which is the approved drug products 
namely: Remodulin (treprostinil) Injection and Tyvaso (treprostinil) Inhalation Solution. 
Both these drug products are also manufactured by the same applicant, United 
Therapeutics Inc. The proposed drug product, is a sustained release tablet 
(osmotic pump delivery) formulation in  different strengths namely: 0.125, 0.25,  
1 and 2.5 mg as treprostinil base. The target drug release kinetic rate from the tablets is 
expected to be a zero or pseudo zero order over a period of 12 hours with about 80-90% 
release. The CQA of this product includes dissolution. The applicant has developed an in-
vitro / in-vivo correlation (IVIVC) (using WinNonlin) to mathematically correlate the 
pharmacokinetic parameters (Cmax, AUC) with in-vitro dissolution data. The applicant 
has also claimed that the drug is a BCS  compound based on the solubility and 
caco-2 permeability study. 
 
COMMENTS 
1. There is a potential for alcohol-induced dose dumping. Applicant is addressing these 

issues by labeling. 
2. The IVIVC is not acceptable. Applicant agreed not to use this to support their 

dissolution limit and revised the dissolution limit as per the agency’s recommendation 
(se details in the review). 

3. Extended release designation is acceptable. 
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RECOMMENDATION 
 

This NDA is recommended for approval from the Biopharmaceutics perspective. 
Currently there are no pending issues from biopharmaceutics point of view.   

 
 

 
 
 
 
 
 
 
 
 
 
 
 
_______________________________ _______________________________ 
Akm Khairuzzaman, Ph.D.                         John Duan, PhD.    
Biopharmaceutics Reviewer, ONDQA          Biopharmaceutics Reviewer, ONDQA  
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BIOPHARMACEUTICS ASSESSMENT 
 

Physico-chemical Characteristics of the Drug: 
 
Solubility: The intrinsic solubility of treprostinil is about 6μg/mL and the Log P is about 
3. Therefore, diethanolamine was selected as the counterion to treprostinil to form a salt 
based on solubility, melting temperature, and hygroscopicity. By enhancing the solubility 
of the API through salt formation, treprostinil diethanolamine avoids dissolution rate-
limited absorption and can be delivered orally with sustained-release technology. 
Applicant reported the equilibrium solubility of treprostinil diethanolamine salt to be 
greater than 800 mg/mL in water at 25°C and thus has selected this salt for further 
development. Based on these findings, the reviewer’s analysis on the dose solubility in 
the gastrointestinal tract are as follows: 
 
All strengths namely: 0.125 mg 0.25 mg,  1 mg and 2.5 mg (as treprostinil base) 
should be highly soluble in the gastric and intestinal medium. 
 
Permeability: Applicant has conducted a permeability study on Caco-2 cells. Data 
showed that treprostinil diethanolamine has moderate permeability across intestinal 
membranes and an apparent permeability of 3.07 X 106 cm/sec was reported across Caco-
2 cells. 
 
Reviewers Comment: Applicant has proposed that this drug could be classified as a BCS 

 drug. However, based on the in vivo and in vitro data the reviewer believes that 
this drug could be designated as BCS class III.    
 
PK characteristics: Treprostinil Cmax increased dose proportionally and treprostinil 
AUC(0-inf) and AUC(0-t) increased nearly dose proportionally over the dose range of 
0.5 to 2.5 mg.  
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SUSTAINED RELEASE DESIGNATION: Acceptable. 
Treprostinil is available in the market in other dosage form such as Remodulin 
(treprostinil) Injection and Tyvaso (treprostinil) Inhalation Solution. As per the CFR 21, 
320.25 (f) (iii) the applicant should meet the following requirement: “The drug 
product’s steady state performance is equivalent to a currently marketed non-extended 
release or extended release drug product that contains the same active drug ingredient 
or therapeutic moiety and that is subject to an approved full new drug application”. 
However, it is to be noted that both the product available in the market is very different 
(injectable and inhalation products) compared to this solid oral formulation and 
therefore the following peak-to-trough PK comparison is made (by the applicant) 
between this sustained release product and an oral solution which is not available in the 
market. 
 
 

 
Fig. 19. Peak-to-trough PK comparison between the solid oral sustained release formulation vs. oral 

solution of Treprostinil. 
 
Reviewer’s evaluation: Although there is no marketed immediate release solid oral 
dosage form for this drug, a direct comparison for the drug plasma fluctuation index 
cannot be measured. However, based on the in vitro drug release characteristics, the 
design of drug product formulation (an osmotic pump drug delivery system) and the 
above comparison, the formulation can be designated as a sustained release formulation. 
Acceptable. 
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Office of Clinical Pharmacology 
New Drug Application Filing and Review Form 

General Information About the Submission 

 Information  Information 
NDA/BLA Number 203496 Brand Name  
OCP Division (I, II, III, IV, V) I Generic Name Treprostinil diethanolamine 
Medical Division DCRP Drug Class Prostacyclin analog 

OCP Reviewer(s) Sudharshan Hariharan Indication(s) Treatment of pulmonary 
arterial hypertension (PAH) 

OCP Team Leader Raj Madabushi Dosage Form Sustained release tablet 
Pharmacometrics Reviewer Satjit Brar Dosing Regimen Twice daily 
Date of Submission 12/27/2011 Route of Administration Oral 
Estimated Due Date of OCP Review 08/27/2012 Sponsor United Therapeutics 
Medical Division Due Date 09/27/2012 Priority Classification Standard 

PDUFA Due Date 
 

10/27/2012 
  

Clin. Pharm. and Biopharm. Information 
 “X” if included 

at filing 
Number of 
studies 
submitted 

Number of 
studies 
reviewed 

Critical Comments If any 

STUDY TYPE                                                                                                                               

Table of Contents present and sufficient to 
locate reports, tables, data, etc. 

X    

Tabular Listing of All Human Studies  X    
HPK Summary  X    
Labeling  X    
Reference Bioanalytical and Analytical 
Methods 

X 1 1  

I.  Clinical Pharmacology                                                                                                      
    Mass balance: X 1 1  
    Isozyme characterization: X 1 1  
    Blood/plasma ratio:     
    Plasma protein binding: X 1 1  
    Pharmacokinetics (e.g., Phase I) -                                                                            

Healthy Volunteers- 
                                                                           

single dose: X 1 1  
multiple dose: X 1 1  

Patients- 
                                                                           

single dose:     
multiple dose: X 1 1  

   Dose proportionality -                                                                            
fasting / non-fasting single dose: X 1 1  

fasting / non-fasting multiple dose:     
    Drug-drug interaction studies -                                                                                                     

In-vivo effects on primary drug:  
In-vivo effects of primary drug: 

X 5 5 
 

In-vitro:     
    Subpopulation studies -                                                                                                                               

ethnicity:     
gender:     
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pediatrics:     
geriatrics:     

renal impairment: X 1 1  
hepatic impairment: X 1 1  

    PD -                                                                                                     
Phase 2:     
Phase 3:     

    PK/PD -                                                      
Phase 1 and/or 2, proof of concept: X 1 1  

Phase 3 clinical trial:     
    Population Analyses -                                                      

Data rich:     
Data sparse:     

II.  Biopharmaceutics                                                                                                     
    Absolute bioavailability X 1 1  
    Relative bioavailability -                                                                                                    

solution as reference: X 1 1  
alternate formulation as reference: X 1 1  

    Bioequivalence studies -     
traditional design; single / multi dose: X 1 1  

replicate design; single / multi dose:     
    Food-drug interaction studies X 2 2  
    Bio-waiver request based on BCS     
    BCS class     
   Dissolution study to evaluate alcohol induced 
   dose-dumping 

    

III.  Other CPB Studies     
    Genotype/phenotype studies     
    Chronopharmacokinetics     
    Pediatric development plan     
    Literature References     
Total Number of Studies   22  
     

 
 
 
On initial review of the NDA/BLA application for filing: 
 

 Content Parameter Yes No N/A Comment
Criteria for Refusal to File (RTF) 
1 Has the applicant submitted bioequivalence data comparing to-be-

marketed product(s) and those used in the pivotal clinical trials? 
  X  

2 Has the applicant provided metabolism and drug-drug interaction 
information? 

X    

3 Has the sponsor submitted bioavailability data satisfying the CFR 
requirements? 

X    

4 Did the sponsor submit data to allow the evaluation of the validity of 
the analytical assay? 

X    

5 Has a rationale for dose selection been submitted? X    
6 Is the clinical pharmacology and biopharmaceutics section of the NDA 

organized, indexed and paginated in a manner to allow substantive 
review to begin? 

X    

7 Is the clinical pharmacology and biopharmaceutics section of the NDA 
legible so that a substantive review can begin? 

X    

8 Is the electronic submission searchable, does it have appropriate 
hyperlinks and do the hyperlinks work? 

X    
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Criteria for Assessing Quality of an NDA (Preliminary Assessment of Quality) 
        Data  
9 Are the data sets, as requested during pre-submission discussions, 

submitted in the appropriate format (e.g., CDISC)?  
X    

10 If applicable, are the pharmacogenomic data sets submitted in the 
appropriate format? 

  X  

        Studies and Analyses  
11 Is the appropriate pharmacokinetic information submitted? X    
12 Has the applicant made an appropriate attempt to determine reasonable 

dose individualization strategies for this product (i.e., appropriately 
designed and analyzed dose-ranging or pivotal studies)? 

  X  

13 Are the appropriate exposure-response (for desired and undesired 
effects) analyses conducted and submitted as described in the 
Exposure-Response guidance? 

  X  

14 Is there an adequate attempt by the applicant to use exposure-response 
relationships in order to assess the need for dose adjustments for 
intrinsic/extrinsic factors that might affect the pharmacokinetic or 
pharmacodynamics? 

  X  

15 Are the pediatric exclusivity studies adequately designed to 
demonstrate effectiveness, if the drug is indeed effective? 

  X  

16 Did the applicant submit all the pediatric exclusivity data, as described 
in the WR? 

  X  

17 Is there adequate information on the pharmacokinetics and exposure-
response in the clinical pharmacology section of the label? 

X    

        General  
18 Are the clinical pharmacology and biopharmaceutics studies of 

appropriate design and breadth of investigation to meet basic 
requirements for approvability of this product? 

X    

19 Was the translation (of study reports or other study information) from 
another language needed and provided in this submission? 

  X  

 
IS THE CLINICAL PHARMACOLOGY SECTION OF THE APPLICATION FILEABLE? YES 
 
If the NDA/BLA is not fileable from the clinical pharmacology perspective, state the reasons and provide 
comments to be sent to the Applicant. 
 
Please identify and list any potential review issues to be forwarded to the Applicant for the 74-day letter. 
 
1. Please submit the analysis dataset used to generate the dose- and concentration-response information 
and plots in section 1.2.5.1 within the "Summary of Clinical Pharmacology Studies".  All analysis codes or 
control streams, output listings and scripts used to generate plots should be provided. Files should be 
submitted as ASCII text files with *.txt extension (e.g., myfile_ctl.txt, myfile_out.txt). 
 
2. Please conduct a dissolution study to evaluate alcohol induced dose-dumping from the drug product. 
Please furnish the results at the earliest during the review cycle of this NDA. 
 
Sudharshan Hariharan   02/08/2012 
Reviewing Clinical Pharmacologist      Date 
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Raj Madabushi 02/08/2012 
Team Leader/Supervisor       Date 
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